In d.c. polarography with DME, 1 ,4,8,1 1 -tetraazacyclotetradecane(cyclam) gave two anodic waves (1:1) (E112=-0.35 and -0.52 V) in acetonitrile containing 0.1 mol dm-3 R4NCIO4 (R=Et or Bu) or 0.05 mol dm-3 Me4NCI04 as the supporting electrolyte at 25°C. With 0.1 mol dm3 NaCIO4, the potential difference between two waves became small (E112=--0.325 and -0.465 V), and finally, with 0.1 mol dm 3 LiCIO4, the two waves were combined into a single anodic wave at E112=-0.225 V. The anodic waves of cyclam (L) with R4NCIO4 
We have examined the anodic behavior in polarography for the acetate ion in acetic anhydrides and for the acetate and benzoate ions in acetonitrile. 9 The shift of the anodic wave was used for obtaining indirectly the foramtion constant of ion--pair and homoconjugation reactions. The work was extended to amines1° including triethylenediamine and cryptand [2.2.2] . The tip of the function group, the oxygen or nitrogen atom of the bases is so active to induce the mercury dissolution in acetonitrile. This is probably because the oxygen or nitrogen atom is naked, that is, not protected by hydrogen bonding in acetonitrile, one of the protophobic aprotic solvents. We found polarographically the formation of [M(C6H5C00)2]-(M-Li, Na, and K) in acetonitrile. 9 In the present paper, a tetraamine (cyclam) was examined by polarography in acetonitrile with various supporting electrolyte cations: R4NC104 (R=Me, Et, and Bu), NaC104, and LiC104. The anodic behavior of cyclam was clarified with the help of other voltammetric techniques, such as cyclic voltammetry or differential pulse polarography and coulometry. 1 ,4,8, 1 1 -Tetraazacyclotetradecane (cyclam) obtained from Strem Chemicals, Inc. was used after sublimation under vacuum at 130°C. Cyclam is sparingly soluble in acetonitrile, and so 0.5 mmol dm-3 acetonitrile solutions were prepared by warming on a hot-plate. The supporting electrolytes, lithium, sodium, tetramethylammonium, tetraethylammonium, and tetrabutylammonium perchlorates were prepared by the methods mentioned previously.'' p-Toluenesulfonic acid (Nakarai Chemicals, GR grade) was dried under vacuum at 80°C for two days. Perchloric acid (Wako Pure Chemicals, GR grade 60%) was titrated by a standard NaOH aq. solution, then diluted by acetonitrile to be 0.1 mol dm-3 solution. Hg(C104)23H20 (Wako, EP Grade) was used as received. The hydrated water molecules gave no signficant effect on polarograms at less than 1 mmol dm-3 in acetonitrile solutions. The purifying method of acetonitrile was described elsewhere. 12 All voltammograms were recorded with a Yanagimoto Polarograph, model P-1000 and a Watanabe X-Y recorder, model WX-4401-LO.
The rate of the potential sweep was 2 or 5 mV/s.
The dropping mercury electrode had the following open-circuit characteristics: m=2.41 mg/ s and z=2.9 s in a 0.1 mol dm-3 Et4NC104-MeCN solution at h=50 cm. The drop time was regulated to be 2.0 s, unless otherwise stated, for d.c, and differential pulse polarography by a Yanagimoto P-1000-ST.
For measurements of voltammograms on rotating Pt and glassy carbon electrodes, a Yanagimoto Rotating Electrode Head, model P10-RE was used with a Pt disk electrode, model Pt-1 (3 mm diameter) and a glassy carbon disk electrode, model GC-P2 (3 mm) at 1000 rpm. Cyclic voltammograms were measured on a HMDE and the Pt disk electrode with the Yanagimoto Polarograph and a Function Generator model FG-121B of NF Circuit Design Block Co., LTD. All voltammetric measurements were carried out at 25±0.2°C, except some measurements with Pt and GC electrodes (at room temperature).
Controlled potential coulometry was performed on a Hg-pool electrode in a conventional three-compartment cell using a Yanagimoto Potentiostat model V8-10010PG. Current-time curves were recorded with the Watanabe recorder, and the current integration was done graphically. The reference electrode was a silversilver perchlorate electrode, Ag/ 0.1 mol dm-3 AgC104-MeCN. Results and Discussion
The anodic waves from cyclam and the amperometric titration with acids Cyclam gave two anodic waves on DME in acetonitrile containing 0.1 mol dm 3 Et4NC104, as shown in Fig Just after the addition of small amount of the acid, a catholic wave appeared at around -2.3 V. (The drop time was not regulated to be 2.0 s after -2.0 V.) The wave height reached the maximum at the two equivalent point. The wave was accompanied by a large polarographic maximum. By the addition of more than two equivalents of acid, the wave became smaller in size, and disappeared completely at the four equivalent point.
With the decrease of the wave around -2.3 V, white precipitated material was found in the solution.
After the four equivalent point, unreacted p-toluenesulfonic acid was detected by the catholic wave at -1.56 V. The catholic wave around -2 .3 V seems to be caused by the LH22+ ion. The anion of the white precipitate was confirmed to be p-toluenesulfonate ion, and not the perchlorate ion present in the solution as the supporting electrolyte anion.
Consequently, the titration curves were explained by the following reactions: [Hg2+]=1:1), both waves were changed to catholic waves, which were both diffusion controlled. The wave height at -0 .36 V (0.82 µA) was larger than that at -0.515 (0.72 isA) by the factor of 1.14. For the anodic waves of cyclam without Hg2+, the opposite ratio was observed. Free mercuric ions were detected after the equivalent point.
The behavior of the waves described above suggests that a cyclam molecule reacts with a mercuric ion and that the produced mercuric complex is reduced to mercury metal and the ligand through the mercurous complex.
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To the contrary, the anodic waves may be caused by the successive formation of Hg(I) and Hg(II) complexes.
- The wave heights of two waves are approximately the same (1:1). The wave analysis of -E vs . log (i/ (ia-i)) gave a straight line with a slope of ca. 59 mV for each cathodic wave, which means that each step is reversible one-electron process.
Weddell et al. ' reported that a relative long-lived (t,/2~0.04 s) mercury(I) complex of cyclam was formed following reactions of Hg(II)L with ea9 or • OH. Monomeric forms of the mercurous ion have been found also in the anodic process of dialkyldithiocarbamates by Hall et al. 13 The formation constant, K of [HgL]2+ from Hg2+ and cyclam was estimated to be log K=26.4 mol-' dm3, using the DE between mercury dissolution without any complexing agent (+0.285 V) Therefore, the shift of the anodic wave from cyclam with changing concentration of LiC104 was examined in order to clarify the complex formation reaction.
We have establised the utility of the mercury dissolution wave for obtaining indirectly the formation constant of ion-pair and homoconjugation reactions in acetic anhydrides and acetonitrile9 solutions. However, it was rather difficult to read the E112 value from the d.c. anodic waves of cyclam. Fortunately, differential pulse polarograms showed sharp peaks with half widths of 65-60 mV with 50-300 mM of LiC104. The peak potential (Er) shifted positively with increasing concentration of Li+, as shown in Fig. 5 . The DEp value was 30 mV for the change of 10 fold concentration of Lit And the n-value involved in this anodic reaction was confirmed to be two, as described below. Therefore, it was concluded that a lithium ion interacts 
We have found the lithium complex9 of the benzoate ion, [Li(C6H5000)2]-, in which the lithium atom may be also coordinated by four oxygen atoms. The formation constant of the benzoate complex decreased extremely by the addition of a small amount of H2O.
A 0.4 mmol dm-3 cyclam solution (10 ml) containing 0.1 mol dm-3 LiC104 was titrated by a 0.1 mol dm-3 Hg(C104)2 solution, and the polarogram was recorded at each time. When 10 µl of Hg2+ solution was added, the original anodic current changed to cathodic current by one fourth with slight shift of the potential to negative, without changing of the shape of the wave (A small polarographic maximum appeared at the edge of the plateau).
By 
The anodic wave in aqueous solutions
In an aqueous solution, 0.4 mmol dm 3 cyclam gave two anodic waves, at +0.095 V (2.0 µA) and -0.05 V (2.6 µA) vs. SCE, with 0.1 mol dm-3 Et4NC104 as the supporting electrolyte without adjusting the pH of the solution.
Sodium and lithium cations made no essential difference. The more positive wave seemed to be partly'8 caused by the OH-ion formed from the hydrolysis of cyclam. Cyclam behaves as a rather strong base in aqueous solutions. (pKa values19 of the conjugate acid are 10.76, 10.18, 3.54, and 2.67 at 20° C.) The 0.4 mmol dm-3 OH-ion from NaOH (without carbonate ions) gave a single anodic wave at +0.10 Vvs. SCE with 0.1 mol dm 3 LiC1O4. The value is very close to that reported by Kolthoff and Miller.20 
